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SUMMARY PAGE

THE PROBLEM

Failure to meet required visual standards provides a significant source of
rejections to naval aviation training and of disqualifications of designated
aviators for Service Group I. It is important to assure these standards represent
the visual abilities which are critical to mission performance, and to assure thei-
proper application throughout the aviator's service career. The purpose of thi.s
report is to assess the visual characteristics of stratified samples (active duty
and retired) within the naval aviation community through the examination of health
records, to determine the distribution of those characteristics, and to identify
those characteristics that have been noted to change during the course of the naval
aviator's career.

FINI)INGS

The following findings were based on a study of the records of 839 physical
examinations of 72 active duty and retired naval aviitors. Distant visual acuity,
near visual acuity, and accommodative amplitude decreased with age. There was a
trend toward increased myopia during operational flying years. Against-the-rule
astigmatism increased with age. Throughout the naval aviator's career, fusion-
related variables remainee stable and intraocular pressure was normal.
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INTRODU CT ION

ailur'- to meet required visual standards provides a significant source of

rejections of appli.cants to naval aviation training and disqualifications of desig-
nated naval aviators for Service Group I, Service Group I aviators are considered
medically qualified for any type of flying, To eliminate questions of standards
and maximize human resources, it is important to assume that these standards repre--
sent the visual abilities which are critical, to mission performance and to assure
their proper application throughout the service career of the aviator,

Administrative action has been based, in part, upon assumed changes in visual
capabilities as a function of chronological age. The age criteria ,'hich automati-
cally removed the 45 year old aviator from Service Group I were eliminated in 1980.
This action further emphasized the need to evaluate alternatives to chronological
age as a determinant for flying classification, develop alternative or improved
systems of monitoring examinations, and determine if improved predictive systems
can be formulated fropt these data (1).

There is a considerable literature which documents the general decline of
visual performance with age. Many of the affected visual. functions are considered
tr be important to naval aviation missions. The loss of accotmi..dative amplitude
is perhaps the most apparent of these changes (2,3,4,5). Although this area of
decrement can be ameliorated by the use of spectacles, loss of accommodative ampli-
tude is the visual decrement most frequently cited in defense of reclassificat:ion
at age 45. Visual acuity, the ability to resolve detail, also declines with age
(6) and can be corrected. Other types of decrements in visual performance are not
as easily remedied.

Although many types of visual per formance are known to decline with age, therL.
are large individual differences in decrement with age groups, and differences in
rates at which decrements occur. The degree to whichl the effects of these changes
upon per formance may be compensated by experience is unknown. It Is important,
therefore, to base the selection or reclassification of individuals upon their own

performance capabilities.
l)ifficulties exist in ex'rapolating findings obtained with the general popula--

Lion, of subjects to military pilots. These are due in part to differences in
health care, nutrition, and motivation.

hlie purpose of this report is to 1) a!;sess the visual chat:acterisltics of
stratified saviples within the naval aviation community (active duty and retired)
through the examination of health records, 2) determine the distribution of those
characteristics, and 3) identify those visual characteristics that have been noted
to change during the course of the naval aviator's career.

Future efforts will be directed toward determining the predictability of
degredation in these a.bilities and individual differences among naval aviitLi.on
personne.1

IPIOCtEI)L]R!E;

8ihit-.hund1ed thirty-nine physi cal examinations ol */2 active dmmty aod ret i red
naval aviators were randomily s-ci Clte(d trom the Naval Aerospace Medical Inst i tote'u
extenisive medical record library. They were reviewed to determine the distribiltion
of visual characteristics throrughout the service career of naval avi ators. Spec if i -
cally, the data were derived from the Standard :ormn 88 (SF88), Report of Medical
lExamination, and were as follows:

Age -Age in Years to the nearest i rtlhday at tLrn(-
of tiLe 2phys rca examinat ion.
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Distant Vision -Acuity - resolving power of the eye at 20
feet. Tested using the Armed Forces Vision

Right Eye (01)) Tester (AIVT) or Snellen Eye Chart and ex-
pressed solely by the Snellen fraction denomi-

Left Eye (OS) nator.

Refraction

Sphere -- OD, OS -Lens power expressed in diopters needed to
correct refractive error.

Cylinder - OD, OS -Lens power expressed in diopters needed to
correct astigmatism.

Axis - OD, OS -Identifies cylindrical power location within
the lens.

Corrected Distant -Distant visual acuity measured with optical
Vision-OD, OS correction and expressed as Snellen fraction

denominator.

Near Vision - OD, OS -Acuity - resolving power of the eye at 16
inches (or 40cms) . Tested using the Armed
Forces Vision Tester or Snellen near-point

cards and expressed as Snellen fraction denomi-
nator.

* Add - OD, OS -Spectacle bifocal power.

Corrected Near Vision- -Acuity-resolving power of the eye at near
OD, OS measured with optical correction and expressed

as Snellen fraction denominator.

Accommodation-OD, OS -The ability of the eye to increase its
"refractive power through the action of the
ciliary muscle upon the lens, making it
assume a more spherical shape.

*Ieterophoria -A deviation which occurs when fusion is inter-
rupted. Measured by the AFVT, Maddox Rod, or

Cover Test and recorded in prism diopters.

Esophoria -The eye under occlusion turns in.

Exophoria -The eye under occlusion turns out.

Prism Divergence -Amount the eyes are able to diverge against
the pull of a base-in prism and still main-
tain fusion. Tested at near (13") and far
(20') using Risley Prisas and expressed in
prism diopters.

Near Point of -Closest point at which the eyes can maintain
Convergence (PC) binocular fixation. The distance is measured

usins a meter stick or Prince Rule and tarcet
liaght or pin with 2mm white head and is cx-
i)ressed ia millimeters from svectacle n~lane
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where the subject sees double or one eye
deviates outward.

Intraocular -Intraocular pressure measured with Schiotz
Tension - OD, OS or Applanation or NCT tonometer and expressed

in millimeters of mercury.

All aviation personnel must pass the test for stereopsis and color vision;
therefore, these tests, which are recorded in terwn3 of pass/fail, were not ,on-
sidered. Visual field data were not included, since testing is not reqiiired
routinely and all recorded data were normal.

The ages at the time of the physical examination of the 72 randomly selected
subjects ranged from 17 years to 62 years. The data included pre-flight, annuial
flight, and retirement physicals. The number of examinations per sibject ranged
from 5 to 30 with an average of 12. The total number of examinations was 839. The
career length of time from the initial data entry in the medical record to the last
entry ranged from 9 years to 37 years with an average of 23 years. The earliest
physical was given in 1941 and the latest was given in 1982.

The medical examinations were sorted by age and evaluated by means of O'TOSS-
sectional analysis. Descriptive analyses (means, standard deviations) were con--
ducted on each age for the variables listed above.

RESULTS AND DISCUSSION

Distant Visual Acuity

Entrance standards for naval aviation require 20/20 vision; therefore, none of
the examinations for the early ages shows acuity worse than 20/20. If the acuity
is better than 20/20, procedural specifications do not require a notation of how
much better; therefore, the data do not give an indication of the numbers of people
with better than 20/20 vision. After designation as a naval aviator, the minimum
distant visual acuity is 20/50 (correctable to 20/20 both eyes) to remain in
Service Group I. Service Group I aviators may fly all types of aircraft and land
on carriers. Service Group II aviators may fly all types of aircraft but are re-
stricted from carrier landings. They must have a minimum uncorrected acuity of
20/100. Service Group III aviators must fly accompanied by Service Group I avia-
tors and have a minimum acuity of 20/200, (uncorrected), correctable to 20/20.

Table I presents the distant visual acuity data by age for the 72 naval
aviators. The means and standard deviations of the Snellen fraction denominator
with a given numerator of 20 are given for the right and left eye with and without
correction. The data show a mild decrease in visual acuity with age. Most clini-
cal observers note an initial decline at age 40 and a gradual loss from that age
onward (7). The number of records examined for the older individuals was small;
therefore, the data should be interpreted cautiously. For all ages acuity was
correctable to 20/20 or better. Comparative analyses of distant visual acuity for
the right eye and left eye were not performed; however, there do not appear to be
large differences.

Refractive Error

:able TI presents the means and standard deviations of refractive error by age.
The majority of medical records did not indicate whether the examinations were
cycloplegic or manifiest or subjective or objective. The data indicate a mild
increase in myopia at key operational years. Wilh age, there is a trend toward
against-the-rule astigmatism (8), and these data reflect thaL trend.
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Current ref carct le Standards, for student naval. aviators are-*-Tota.l (cyciLoplegic )
251) hyperopia, - .251) myopia, 0).75 astigmat isin and for Service Group i---Total.

(ju i Tst) 1 .251). Since tile trend is toward increasing myopia with age, the
entranit with) - .25D) refIrac~tive error may thcoretica1ly. develop a need for as much
as a 2.0(01) correction for myo~pia by tihe end of his careerI. Lf the standard were
M nodLifiled and the. zone restric-,'ted to hyperopia , I~t- is pos_-ih.!e that the attrit:ion
fromt id uced uyo pi a coo Id be redluc:ed with t'e SilI. tant iioresca SrIn do mat-ion in Serv ice

crop I )LS taNtu LinS a n a.I ate I C r S, C JUC Cer

Near Visual Atuity

Due. to presbyopia, reduced near Visual aculity oc'curs betweenl thle. ages of 38
ond 42 and decreases fromt that age at a fairly standard rate (9) . Near visual.
acuity data for aviation personnel are presented in Table TIH. These data show
thle (lecrea~so in near visual acuity parallelling decreasing accommo(dati~ve amplitudle.
In general, thle bifocal, adds are comparable or somewhat lower than the standard
adds for their given age category. Vision standards for aviation p~ersonnel require
20/20 unaided at enitrance. Near vision standards for the three Service Groups must
be! at least 20/200 corrected to 20/20. Uua [decl and aided near vi sutal acitity data
a-re ptresente~i In tile tabl-e.

A\cotmtlodaL t on

fa bl.e I V pre sents Iaccommtoda 1tiotO'" by awe as measured by thc_. Pr ince Rule.
" Ac coutmodja1: ionl' Is wr it t:el inl quotes sinlceý the ' ti RuL eI does not actutal1ly utia -
Stire aICCOtuiitioda t ion, but tIuca1sureS, accomtmtodiat ion plus or mLinus refractive erro r (1-0).
Gui ret't t y t tore are no standards for occottuuoda t .cn . F~ormerl y, rippl Icants for fTli~ght

t a~~nI gwere required to be within 3 d iopteit:s of thle standards for their age . Av I-
atoms were requ~ired to have a ttini~mutm of 2..5 diopters, of accomminodation or he
correctedI to the amount. Qual~ifying resuilts are acceptable fretm tests of near

the naval. aviation personnel reflect aging changes not atypical of thle. general popuu sinadtePic uetesrttrtsaentcret- eurd h aao
.I at [onl. F'igure I graphically depict~s accommuodat ive powers for various ages for the
Prince Rule normative population, foi- the standard lie fstet ter formulIa (18.5 -3age)
(11), andi I0m: the irigght eye and le ft eye of the snutl~lpte of the navail aviators.

losion-Ilela te-d Variables

IleCurrent. taloctili ty Standard for naival av Lators requires that there be no
dip lop La (doubC VI.e vision), no more tlinn 10 prism d loptems of esopliori~aexophoria,
and 10 Otum or lesse 55iear -polo t conivergence 'It utto t [. 1. I t s t a S-dIar r(Is f ormer t1. y incl.1ude (Id
tIthe recclitimettn t tI t the pr.1 ml (iv"1-eargen tomrhi (HSI:I on etteasureutuen t equal. or exceed
the eso phe t" Ia ttea u;retnient andl that r a nmii iat es, for av iia t on ltmt e at least 12. pcisnt
d~iopi~urs o.) divergence Co t near.

'labtIe V presents t~he c dta for t~ho phot hasosphltotLa ;11(1 exoplioria.1 and thew
gen e Lsatl (livertgence ;iat farl and near , a ud tioa rpo int c 'onvergence Thfle data

show the n)aval, aviators In this sattplIe were, well wttit n1 thle prevail ing standards
andl thI eir taoti .1i tY\ r emtained intact t Itrouglto ul t: lIe ir socv i~ce careers.
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Intraocular Pressure

Currently there are over one thousand pilots over the age of 40 in naval
aviation (12). Since the typical. occurence of glaucoma in populations over 40
years old is found to be at least 2 percent (13), the disease could be a potential
aeromedical problem. A study of the 1970 incidence of glaucoma in Air Force pilots
and navigators reported glaucoma or pre-glaucoma symptoms in less than one percent
of the men 40 to 54 years old (14).

Intraocular pressure data for this study of 72 naval aviators are presented in
Table VI. These data reflect normal measures throughout their service careers.
These findings are exceptional and could be due to the routine health care and
likelihood of early symptoms being detected and treated.

CONCLUSIONS AND RECOMMENDATIONS

This report presents normative data of visual characteristics of a sample of
active duty and retired naval aviators. The data were collected from health records
spanning the aviator's career--entrance physicals, annual flight physicals, and
retirement physicals.

In summary, the findings are as follows:

Distant visual acuity, near visual ac-:ity, and accommodative amplitude
decreased with age as expected.

There was a trend toward increased myopia during operational flying years.

Against-the-rule astigmatism increased with age as expected.

Fusion-related variables remained stable throughout the naval aviator's
career.

Intraocular pressure was never clinically significant.

It is recommended that future research emphasize prediction capability, evalu-
ation of standards, and development of training methodology. From identification
of visual factors which change during the course of an aviator's career, efforts
should be made to determine whether degredation can be predicted. The health
record data should be examined for individual variability tz determine rates of
change of visual characteristics and individual differences as a function of age.
Future studies should focus on an in-depth evaluation of current vision standards
in relation to performance-based criteria. Adjustments in visual standards and
tthe resulting impact of the standards in selection and retention should be deter-
mined. Development of training methodology is important to maintain and improve
visual skills and assess the role of experience in :ompensating for visual degreda-

•"• t ion.

A wealth of data exists in the library of health records of naval aviators.

Unfortunately, the data are not computerized. A computerized data bank of medical
information among the naval aviation I)opulations would be highly beneficial to the
Navy. This aviation biomedical data bank would be of immeasurable value in; (1)
validating current and future biomedical selection and retention standards; (2)
serving as a data base for making medical dispositions in aviation personnel; (3)
assist in developing a coherent waiver and medical review process; and (4) ensuring
accicrate record quality a3surance and followups, just to name a few essential
furcLions.
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TABLE I

MEANS AND STANDARD DEVIATIONS OF SNELLEN FRACTION DENOMINATORS FOR DISTANT

FOR RIGHT EYE AND LEFT EYE WITH AND WITHOUT CORRECTION BY!

RIGHT EYE WITHOUT CORRECTION LEFT EYE WITHOUT CORRECTION RIGHT EYE WITH CORMI

AGE

MEAN S.D. N MEAN SD. N MEAN S.D.

(1'?, or ':.11 10 0 (00 2 0n 00 0.0 1P 0 06 00 00', ' , .. 0.... i ,A .. 0. O ,

'9 1 0 01 04 () ) ') (I
'1 00 8 C. . :. '10, t' 1, 9 V0 0. (. 00

21.00 1 ,2 12. 02 12 1 , A7 L .P 20.00 0.00
,1 6, '0' :.If) l 0 0 1

..0. 9. 8 0 0, 4 '1"! R '0 1, 00 4 10. 20. 00 0 00
24 ,0 0 1f',. ..... (1 ;'?0 00 2 .: I ,'.0 21) 00 1)0
25.00 '. 4. 9 'I4 P. 01 ? 14 •10 ,5.00 0.01)

16 ) )0 9' 'V' 1 il 19 19 '1 7 P , 9 -) 00 ) f) 00
'7. 00 19 ', " "' '3 19 ,5 1 (1)3 , 0 00 0 00

1,2 10•f) 19 9 8' '14 f) ', ; , '4 0.00 10.00
"2'9,000 20 0 4, 0 I10 9 '50 4,2 10 1 7.0 *3 15',4
.. 00 0 0, 00 10 ,,)0 ">"' '0 0, 00 0] 00

100 '0 95 4 .36 "2 "l 481 "0 2 ( 0.00,19. 1? ,.04 ,
3P .) 0 ,.'f) 00 17 , ',8 0, '1 13.50,,,5.4
:33100 .n 60 4,41 ,' 19 80 9 ,6 o!'1 20 00 0 .00
34,.00 ..0 J 4,93 ., '0 00 1 '1 0 2 00) 0

1 9 10 9,50 '1 .41. A' 1' Q 79 1 ,79 24 ,2,0 . 0 0. 0(
36, 1) 0 2,0 ,19 ,.. ., 1 ( 1 '0 0 1 0
37, 0 0 20 74 4 , 09 27 ,0 . ,37 ,.,37 ' .. 0100

O3 0)0 '19, 6 1.3n '1 25 19, 0 1, '76 1"? M)0 ( 00 0,00
39,00 1:2f,, ' 10 2 .6, 96 34 14 2B 20 00 0100
40. 0)0 21 .40 4, 30 '0,63 :3.1 :" 18 75 2, QO
41 .00 '03 3 . 10 29 2 0,6 2 70 1?1 9 '19 .0 '1 .73
"4.I 'P0."? ;. "6,2 1 43 '.3•0 4 t 00 1),1 0
43.00 3,1 18 a 14 09 :33 2. e.2 2 1 31 .20 '1-. 7 2 44
,4 , rI) " 14 18.I 3 :28•. �33•3 0 .76 ''' (9 , 1 44

4-.00 25..67 '.1 10 S2(,9 27.4) 40 19,74 A1'15
.46, 1)0 29 ' '16391 "."A 32,11 J, 1. A,.5 19 1.8 1,44
47,00 3 0. 06 "?,"? I 1 ,29.14 '(10 .74 35 '19. 62 1 39
413. 00 3) .'7 00 1).10 01" ... 00 A9, '17 j'- '19 ,717 .83
49.00 3f60 6).35 "39.00. .90 20 .00 01 00

o0.o0 41' .0 44,96 3 ,-0 .3660 4; ,93 -0 19 .44 1.67
'00 31 .46 24,71 1'1 34.23 24.99 1:3 20.00 0 (00

2 . 00 :4.17 26. 0 1 3, 67 '"94 1 ? I0 00 0. 00(
53.00 "",'6, 50 2 ,9 . ...5 10 35"A lb 0.0 2!!.; 1'i 0 10 '18 75 ":'.' 5105 4 , 0 0 5 0}" , 0 0 '7 9 , ' 1: ..j Q' ) -.5 ',3 "1 0 1) 59 5J 0 0~l 0) 0) .

S. 0 0,'. 00 o0 ..4 32.00 00 •, 4 1 20 (10 0 .00
, ,.0(, 1 ,110 2 0,5( o,,00 o 0 0,00

5,, 00 20 0 0 5.00 2 20. 0 r,!0 ,4 10.1? ( 00 0.0(

5.8,100 ,".0 00 0, (10 1 o0.(0 o0,.00 1 f) 0 ) 0
59.00 30,00 0.100 1. '70,00 u,00 1 211.0 0 0) 00
ý-') ,00 0 1 0 0 0 O,(00 I 711,00 0,00 'j P! 0 0 (f)0 00
61,00 ,0 . 0 0,1(10 1 80,() 00) 1 *15 0 0 (10O
t2..) 0 ) 70.1001 (100 11 100.0 o1.o100 1 2o0, 0( ,1)1
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TABLE I

FRACTION DENOMINATORS FOR DISTANT VISION TESTED AT 20 FEET

EYE WITH AND WITHOUT CORRECTION BY AGE

II"
1 CORRECTION RIGHT EYE WITH CORRECTION LEFT EYE WITH CORRECTION

:D. N MEAN S.D. N MEAN S.D. N

000 0. 00 0MEA fj9 0 00 0 0 0) 00 0•,fl•. A Oil! 1,0 0 0 10 ,I o

* 0 9 0 )0 f) , 0 tit)1)0 )00 o'(10 30 00 06 3
200 . 00 0 .0[ ) : 1) n 00 1 00 1094 B 0 00 0 00 3 .0 00 0 00 3

34 '0 '0 00 0.0 '0 00 l 0 00
4 1). 00 0. ) 1) 0 00 0 ) 00 .1

1 00 000 0 10 0%) 000 *1
- 0 000 00 0 0,00 0.0 02 000 000 0 20, 00 0 00 1

-0i'.o34 114 17 0. 0), )001'4) 20 0.0 0) 00 0 o 0o00 00 1
113 ,)' (:)(2 00 0100 1 0 00 0.00 1

204 4 17 0,5 . 4 0 ,0 000 00 1'
76 21? P 0200 0 00 N'1 '0 00 0.00 1
71 18 20100 1)1)0 100 10 0,0Ii0 :1

479 20.0 0,1)0 0 00 2
4 1"!. ,9.0D) 09 )0 .'1( 00 0.) 13
22100 0100 Po 0'1).0 1) A1) 3. 00 96 ..... 2.0 ),0 1 .. ) 00 0.00 )
14 8 20 .). 00 0. 00 0 ..01.

.El0 13.I1 7 2,50 )7 20,44
29 7 19 .00 ( 17 1.44 9'1, 13 1. 19 3

,0 19 7.:4 111v;19 7,.:3! IS 'I C.'
1-5 19 ,7 2 44 7 19. !!.'7 S 1.44 t

19. f9. 1.4 J2 19 1.7 1.9,.
19.52 1.3913 19 5 11 111174 19 : 9'74 1 15 11 9 .72 l 1.f 8 '18,3,, 19,5 1.!}I44 12'.' 19 '. !•, 1 4.44 1.,:7 ' '19, 021,.89 13 "t9 ,'. 0,:3 'i1'

.20 .00 0.00 "10 20 . 0 ) 00 ?
19 44 1 .,67. 9 19 : 1.77 .:

S i.:3 0 00 0 00 o ' 00 01.00
4 1' 01) 0.00 01) () 3 0)0 00,.
o 10 '18 .'7 2.5) 4 18. 75 2 15(1 4

.9 5 21) .0 .)1) 3 12 1) 0,0 .1
O ? 20.00 0 00 1 20 .00 1100 1

S 20) 0.00 1 0 1 0.00 0.0 '
42 20,00 0.00 1 20,00 01)0 1
o ? ;'00() 11.)0 1 20,1)0 0,00 1
1 '0 L:00 11.00 1 1 0(0( '

.1 01.11 ,00 V1 200 1100.I 2 (:0 € 0r "l20 01l) 1), 0[)'
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MEANS A

RIGHT EYE

AGESphere Cylinder
(Diopters) (0 iopters)

MEN S.D. N NIE AN S.D. N MEAN

'17.00 0. 06 0.00 0 0.100 0 00) 0 f0.00
18 0 0 0100 0),100 0 0 00 000 0 0 00(
19, no 0.11,5 0 1 .41 12 0 1.*5 0 1 00 V3 01 00

'T) .00 I1 00 0. 100 I0100 0 100 0 0.00
21.00 0. 17 0.14 3 .0. 2 5 0.100 1 (20 00

e2,'12100 0, 4$3 0 'l11 0 .10 ;..,2 6
2$3,00 01 .60o 0,34 15 ',*-?'i! 030 1, V 0,002?4.00 0,50 0.0 1 0 ?5,, 0 0 0 1 0 0

2500 0.150 0.79 15 0.3,3 .1 0 10 0')
26,0 0 0.21i 0,0 W 0.0 0 0 .0'1 ) 0 .00
27.00 --013 0 18 1. 0100 0
28, 00 0.13$1- 0 1 18 2 ~ .0 1 J0 0.100 0 's
29.001 -0. .0 0 . 00 1 0 1 Th* 0 .00 1100 00
.30,.00 70.25 01 0 0 1 0 1 0 0.00 19 0 1.00

(i00 op00 0.00 1 0.2i 0.00 A( 0.00
M32100 6 . 0 9 "J 3 0 MEAN' 0.9 10, 00,' (100 -0.7 0 00 1 100 0 .00 0 100

:'14; ,O0 0 1O50 Y) O0 0) 0)0. 0 ' '

.34,00) 0.50(I I40 00 0 250 0.00 1 00.
.35400 0 .50 0 100 1 60 00 0 00 0 0 0')
36, 00 o017% 000 10 1 '-?1 0.00 1'180.00
.37,00 -0 '2 0 1 0: ... 0 0 .0038,00 0.00 000 0 01 00 0 0 0 0.1 00
39.00 -0 .4,? 80 .0 1 . '. 0 0 .00 (.)o >1 .
.40,00 -0 0 0.B 9 15 0 1 1) 70.J Y I . ,
41 .00 0,5 0 '1,6 3 0 1/ 00 65.5 00
,42 00 0 .130 .5.30 1 A I? ;:,j 1 0 0
43.00 0,04 9!:.,0 .7 0 1 1.5 .4 10 0
44,,00 ..- 4 11.l 0 13 0 j.4 0 1 1!" 1 ) I'
4' .0. , 0 0 -0 1,01 0 1 B21.I '. .? 0 , 0 , 18 '.:3 1 7 1'i
46. 00 .- ) 1 07 1 0 0 14 0 ?" 0 I J1 '319. 0
47.00 -010 1 17 1 .It I() 0)3 0 99 12 101 00
4 0 (100 01 16 '1 01 0 .1 0 .N7 0 Uil 1 ' 0849. 00 0 .73 1.1 39 010 0 14 0 '?99 1
r;0 . 00 *0 194 J0 9 0 O 0 9' 004

.00 0... 0 13 1 37 0 0 0 .'1i lti 9 .)10
15 21 0 () 0 1"35 3, 1 33 11 0 . 0,0 14 " '0 00

. 0 ) 1 1 1 4 () 0) 1
54 0 1 0001)I
(10 0,11. 0.00 00 0 0 0))S6 1 00 0 1)0 110. 0 10 0 (.,0 0 100 0 01 00

.5" 7 1 00 *1 1. 5 1 .7.7 0 , 7 0 0. 0 '1 't 0011. .`5 0 ))0. 0 0 0 0 0,100t 0 .!) 0.01) 00
i; 9 00 '1 (1. 0 (. I0) () .1 0 1)1 00 ()) .0 0 ) 0
60. 01) 0.. .0 1 )0 01 00 '.i ) 1 0 0 ( ".1)1) 0) () . 0;)
6 1 01 0 ()1 .0 1 00 1 .. 0 1 (0 0 0.0 f
62, 00) .1 0 ) .1 )0 *1 0 ..00 0.0) 0 0,"

,. .+.'",,,r, l ..$ - li.- . - l
&IL! (I (I .. .. .. . .. .. ....... l i l • .... ..... 0.......... ? !l }!•7



TABLE II

MEANS AND STANDARD DEVIATIONS OF REFRACTIVE ERROR BY AGE

LEFT EYE

Axis Sphere Cylinder
(Degrees) (Dioptors) (Diopters)

N MEAN S.D. N MEAN S.D. N MEAN S.D.

0 0 00 0 00 0 0 00 0 00 0 0 00 0 00
0 100 0 1 00 ) 0 0 0 00 0 0,0 0 001 J 00 0 (i 0 .'38 1 .24 2 -;,,.6010 0. 00

0 0 (f 0 0 00 0 01 7.; 0 0 0 .:','; 0 00,
1 90.00 00 1 0.25 0 13" 0 00 0 00,ý

6 ,1 . ,4.73 0 .50 0 :30 I' 0100 0:.29
3 13( 00 40." 3 3 0.60 0 .42 * S "'0 135 0 14

90,00 0 00 1 0.00 0;?9 4 .0 .:5 0 .001. ' 0 0 00 71.'0. ..74 0.31 0 13
0 0 100 0. 00 0 000 0 00 61 01 00 0 00

5.0 P 91199 2 0 13 0 1 0 1 30.3 0.1( O
I : J37 1 F, 4.9 6 20.,50i 0100 1 '0.50 0.100

I '100 00 0. 00 1 .-0 ,25 0 00 1 .. 0 .5 0. 00] 90,00 0 .00 '0 0,00 0 00 "1 0. •50 0.00
1 7010 0 0 00 1 -. 0. 75 0 00 1 0 1.21,!; 0 00
'3 130.00 1.1 60 :3) 0.00 0 25 :.3 .. : 0 '118
0 0 .00 0. 00 0 '-0 75 0 01 0 1 0. 00 0 1 00

Y90 00 0.00 1 0.. 1 21"5 0.00 1 .050 0 00
0 0 00 0 fO0 0 0.25 0. 00 '1 0 1 00 0 00
1 180,0 () 0 00 1 '0 .7ý5 0.00 1 0 1..25 0 00
? '1:3'5 10 63. 64 2 0.00 0 "3 2 0.50 0100
0 0,00 0 100) 0 00 0 1. 0 0 0.00 0 00

0 10,00 0 .100 1 0.50 0.90 o 0.00 0 o0
91 67 8.51 3 -.0 ,I ".5 0 196 1"; 0.17 01 ,ia
6'5 1 00 o2 -, -0. .198'. 0 '102 0. 4'
f13Ii! .00 1 2 1 .2)1 0883 1 .24 ":?"0 5 7

4 '106 ,50 77•.36 4 -'.0 04 1 .04 6 .0 .20 1 .11
=. 27;.' :. .r"'7 .; 1' '--0 41 9 11 :o I I 0134 0 1 7.8
S10. 71 41 ./.%1 17 "-0 .09 01 9;! 22 "0,08 0.6

"...5 ,:..,$4 .0 04 1 .1110. 01 ?
1.? 101 .O0 .4 14 11 -. 0 IO' 1l l 1, " 0.07 0 90

• -•i 11 70,03 ,.7'I 1021 1.103 '14 •- ( 43 0 11515
9 1 9 1: )0 56 :.)!8 6 .-0 70 1 .19 10 0. 50 0 .(0

4 93,7' ' 46 4 .. 0 159 1 138 E.1 0 06 0.90E1900 .. " 9 3 "-0.67 1.14 6 .-.0 42 0, 14
5 0 ..- 3 1,07 0.5 0 0 ,

9 ( 2 0 6 36 2: -0 1 5 ' 16 1 7. 0 08 0 76
11I .9 I !. 0 0 00 ')0 .... 0.50 -13.25 0,00

0 f] O 0 0 f0 0 1 '75 f1 00 1 0 100 0 00
0 0.00 c 00 ) () 00 0. (1 0 0 0 00 0 . 00
I '115,0 00 0 00 1 0 00 0.00 1 0.00 0 O0

0 00 0 0 0 0.00 f) 0U,0 0.00( 0 00 0( 00
0 0 00 0 00 0 1 1 .2"5 0. 0 1 0.25 0 0 0

~1000 0.00 0 A IV5 0.-00 1 "0.50 0.0f
0 00 o o,) 50 1.75 0 Of '1 "... 0 . 0 0. 0O
0 0)Of 0( 0 W,100 0 00 .1 0 .2 . 0100

I,40

8

I (L



LEFT EYE

Cylinder Axis
(Diopters) (Degrees)

N MEAN S.D. N MEAN S.D. N

1 0 0. 00 000 0 0.0) 0,00 0
o 0 00 0 .00 0 0 000 0 000

0 , 0 0.00 1 ," 1.,!'i, 00 0 00 1I0. le v1! ; 0 1 0.)0 '', 0 ,• )0( 0 1
(1,00 0 1 00 0 0.00 0. 00 00
S(. 00 0 1 '0 81 '3'4, 7:3

"-0,33 0, 14 3 1150,0a0 51 9 .9 3... 0 "?'..5 0' 00) 1?1':" 1i 64., 0 (vI ,:; (10 (• *j 3 ,0
.0 3 1 0 1'3 4 1 5 i .14" 1"

0. 0 000 W) 1) 00 00
""20 ,38 0.19 1 1? 0 01.41
0 , (20 0 , o0 1 10 00 0 . o0) I

" "0 ,'.2 0 00 1 70.00 0. .00
" 0 , , ) 0.010 1 0 , 0 0 .00

) 0.2 0 00 1 175, 00 0.o0 1
3 .... )l1 I:0 1 ,0 1 00 0), 00
1 0 .00 0 00 0 0100 0 00 0

".0 0. 0,00 1 80, 5 00 0.0)
1 0,00 0 00 0 0 00 0,00 0

... 0 ! 0.00 1 ..00 0,00 1
0, 0 ' 0 0.00 1 0 , 00 0 0 1
0 . 00 0 .u0 0 0 . 0 0 0 0
0100 0.0 0 0 0 00 0, 00 0
(.1/1 0 ,l*. .1 I 3, 136.6 7 4t,5,0 3Y

1 0 . 25' 0 4 *.. :3 10 f.6,, 87 .8 30. , 1/ 5,71 :?H 101.00 29 30

41, 34 0 .':.(1 14 10 .I ; 08
S. ,0 8 0,6 t. I0t' 7. 39 1 17

S '. 19 0, ,'". 1 1 1' , (1 11 0 0 4 ,4A 7 '1 J
0.07 o ,9(i i 109 90 '5*', I* I (0

.4 -0 .43 0. "1 1"i 10 101 00 (. I I C? 12 :
10 0.,50 0. 20? 0 4 10 , * 'I7 3 7, '7 1.3 40 , . ( , ,4 , ", , ,

0 .. 4? 0, 14 3 8?7 4.,0 V 37 '3
.. (1:3 0,38 .3 P 13' , 6 3
0.08 0 74, 3 30 4,36 ,

So o0 0 0. 0 0 . 00
1 (3 .0 0.00 0 0 .0 0 01 0
1 0.00 00 ( 0 .0 0 O0 0S0 . 0 0. 0 0( 0.0) 0,00 00 0.0 ',1• 0 0 0.0•0 0 00 0

"" . . '5 (0 0 W. 9 0.00 0 00 0
0 ,15, 0 )0 1 90.1 00 0,00

.tvo I .,. . oo .0

-- ?-



MEANS AND STANDARD DEV.

AGE FOR

WITHOUT CORRECTION

AGE RIGHT EYE LEFT EYE

MEAN S.D. N MEAN S.D. N MEAN

17.00 20.00 0.00 1 20.00` 1 0.001 1 0.00
"18.00 0. (10 0.0 0 0.00 0.00 0 0.0 ti)
19.00 20a00, 0. 00 2 2010,00 0 00 2 0,00
2:20,00 ,0. 00 0.0 1 o ,) a(0 . 0 00 l 0,00",. 00 20.00 0.00 :0,0 0.00 0 ,0021. 1 0 5) on 00 0.00 1 000.. .... 0. 1)" ) 000 0 1) o n 0, ) 1.) ) 0 02 3• , 0 0 1... 0 1 0 () 0 , 0 '3 ;,:(i6 . 6 () 1 () 1 0 0 3 0 1 0 0
2 4. 0o r ý 0 , 1 O( 0 0 ,1 0 0l 1 2 , ' ) 0 , o b0 n I () ,1 0
25. 0, 0 102 0 .00 0.00 4 ?(1,00 0 00 4 0.0 0
26. 0 1) 0. 00 0, o 0 00 0.0 0 00 0 0 .00?.,0' 20. (,00 0.00 , 20.00 0.00 '. 0.00

2700 20. 0 0 0. 00 21. 20.00 0.00 2 0.00.2 , 00 ?0 0 0 0.00 ?. 0 ,00 0 , "? 0 , 0 0
0.00 :2., 00 0100 ,00 2 0,00 . 0.00

'31 ,. ,. ) )1 )': " " ., 21 J0 1? ,.f) 0 0 0
31.00 0.0 00 0.00 n.4 20,(0 0,00 4 (), 03 el ,0 t) 1• ) ,( 0 0) 0 60 3; ',P 0 ,0 0 () . 0 0 .3 0] 0! 0
32.00 ?0a 00 0.O 01 0:~ .0 0. 00 0.00313.00 20.00 o0.0 4 20.100 0,00 4 0.00
""'1 0 0.0 0 ).Of) 20,00 0 '0 0 00

37 00 20.00 2.67 8 19,38 1,77 () 0.00
,... 004 , 0 000 0 00

9,0 19.44 472000 0.00 0. 00
40,00 a.., 0 00

4t.00 ,7.17 14 41 2 24,58 14,37 12 0.0 0
42•, 00 !7. .4 1/1,77 14 24,29 9.17 14 ;.,)o0 ao
43,00 34, 00 .. 80 19 33, , 14 19 19,,"
44 ,0' '0 . . ,. 0 6 ,3 0 4 ., a•57 4 6 , 6 5 3 1) '1 (p , 7 /
4'5, ,0 0 1? ,5 9 36 51 ,39 42, 79 36 0' 20
46.00 78, 39 !'58. 77 71 , 61 49. :31 20 as57

47 00 f.,, ,46 49.41 6 7 , 0 ,8 49, 06 216 1, 09
48. 00 '77 0'65 6j 71.1 21 '7 ,76 66. .34 21 '? 10(
49,00 f3 , ,5 51 ,383 17 6 8 . 'ý 28. 71 17 20. 67
50.1) 0 93.13, 70,12 1 6 n 01 , 56 7 3.4 16 )j 7651 .00 100 83 70 .2i5 12 96.67 69.05 12 ,.00
r. 00 2 ) 112. ,0 77, 1 0 ' 115,01) 71 ,64 13 p, a '8
53.00 132, ,.50 13 (1 03 1055,00 81. , 94 3 20 -00
54, 061 3s8,00 21, 9 0 48.00 280 F? 00
V5, " 0 164.' , 156.67 57,74 3 156.67 V,7.74 2 ,0 00
,56. 01) 1..'33, 333 05777 3 1)3., 3 ,7.74 3 20 a 0
57, 00 1o00,00 0.00 2 100.00 0., 00 2 20,. 00

," , 00 .00 0, 0 0 1 ') 0.1)0 0,000 1 20 0.005900 120.00 0,00 1 2100.00 0,100 '01 0.00
6 )0,01) 2? )! .01) 0),01I)20 ->,.1.) ) 00 0) 00 1 2'.01) OI61.00 ,.'.00,.00 0.00 1 200.00 0.00 1 21,00

62.00 400, 00 0.00 1 400,0) ,00 I ') O 0

f
.- - " a a a • .. - - • :J - "



TABLE I I I

MEANS AND STANDARD DEVIATIONS OF SNELLEN FRACTION DENOMINATORS FOR NEAR VISUAL ACUITY BY

AGE FOR RIGHT EYE AND LEFT EYE WITH AND WITHOUT CORRECTION

WITH CORRECTION

RIGHT EYE LEFT EYE RIGHT E

N MEAN S.D. N MEAN S.D. N MEAN S..

1 00 0. 0 (Of) 1 ( 00 0 (3 01) 01
, 0 .0 0 00 (3 0,00 0.00 ()1 00 0 00
S0. 030 (0 00 00 0. ( 00 0 0 0,

0 0 0 00 0 0 0 0 0 0 0
0. 00 0; 00 0 0; (01 0,00) 0 00 ,I

I 0,00 0.00 0 0,0) 00,00 000)O
S0 100 0 100 0 0. 30 0) 00 (0 0 00 0

01 00 0 100 0 0, 00) 0 1O00 ) 0, of) (
6 0 00 0 . 00 f) 0 0() 010( 0 0 0 0.
0 0. 03 0100 0 0 100 0 00 0 0,00 0.
S() (100 0 00 0 0,00 0. (0 0 00 0.

0 (3 101 0.0(0 0 1),1 0 0; 10) 0 0. 0(3) 0
2 0 .(30 (300 0 0 00 00 0 0 0 0
2 0t i 0 0100 0 O0 0 00t)O4 0, 110 030(. I 20.00 0,00 I 00 0,

() (300 (3 00 (0 0 00 0 (0 03 0 (0 0.3 0 .00 0 00 () 0 110 )3 00 (3 0 O0 0.
4 00 0. 00 0 0((0 0. 00 0 0 00 0
.0 00 00 () 1 00 0,1) 0). t) 0,00 0
4 103 0 0 00 0 00 0. 0 0 0. ( 0
( 0.00 0 100 0 01000 f)100.0 0 1 O0 0
( (3O0(3 0 00 ( 0. (0 0, 0 03 ( (30 0
14 . 000 0000 0 0 0 .00 (3 ; 0, 00 0

()0 1). 07•0 0? 1";. 00 0.: 001 ) 01) 11) :.?
0.0 (3, 033,(0 (1 (3.00 0.00 (0 0, 00 0,
) .( ) 1) 0 1 0 0 () 1 0 (0 0.00 ( 1 00 (1 0

12 0.0 (o (311:0 1 2000 0. 00( 2.1( 0,I~
2141 2', 1 0 .13(3 2,1:3 1) 1 0 ( I 0013 00
19 19 . ~ .39 19.2?2 ?.33 9 1 034 0.
30 91,76 0197 1 19.h 1101) 1 6 I.(3

? ' 0 *1 .10 4'' 01 0 .0 1 41 0.

2'1 ,'. 013) 4 P,"9 ; 20•', ,) i ::• 1 t':.; I I ':;.• (3.20 (3, 0 7 ," 1 i 0
17 2.. 67 .76 1t3 o: 13..6 1 '6 ", 211 17 2V: o 0 6 I 6 ' .7,

I I ; P ! f) ,7t: 0 ) 79 6 0
'13' "0 0(,((37230 (307 '.00,:(.0 O0 0 (0 ,t;0(O( 0,0( , O0 0.
;,'.0 00 (00 0( , ,1 0 0 .0

13 2( 1"? 8 7 0 1. 200 780 ( v," "20 00 4 1 " '.0 4 (3(0
,0 , a.. 0 0 A 0 0 010'0 .. , .0 023 .0, 99 0 00, f

1 ;: 0 .)0 ) O0 1 ;0 O0 (l 1) 1) 0.,
1 1,1 00 0.00 1 20. (10 0 (0 o. n0 0.,
1 '0 10 0(.00 I 20 1 1)O 0100 1 P. 10) 0,
1 20 00 (0 0(0 1 20 00 0 .00 1 2.00 0,.1 12 0 .1011( 1 20. 0I1) 0,03 1 . Oi.

9

_..._ U--,• .... - w... . . • . .. '



FOR NEAR VISUAL ACUITY BY

kRECTION

ADD

"E RIGHT EYE LEFT EYE

N MEAN S.D. N MEAN S.D. N

0 0,00 0.00 0 00 0 0.00 0,00
000 0.00) 0 .00 0 0,0 C•, 00 0
.00 0 0 00 0.0 0 00 (10 0,00 0
00 0 0 00 0 00 1) 0.) 00 (0)00 0
00 0 0 00 0,00 0 0.00 0,00 0
oi0 0, 00 0,0 0 0.00 00 0
,00 00 00 0.0(0 0 ;00 (0:
00 0 0, 0W 00 0 0 1 00 0,00 0
00 0 6 f0.0 0,00 0 000 (1.00 0

00) 0.0,�0 0) 0 0.00 0,0) 0
000 000 0 00 0 0,00 00 0
00 0 0,00 0,00 1 0,00 0, 00 0)

*00 0 0100 (1 100 0 0 '10 0, 00 0
00 . 0 1 ) 0 (0 I)0 0 0,00 0.00 0
00 0 000 0.00 0 0 , (10 0,00 0
00) 0 0,) 0 0 0 ) 1). 0. 0 0.00 0
000 0.00 0.00 0 0.(0 0.00 0
00 01100 00() 0,0 0 .010 0)

0 0 0,(00 0,00 0 0.00 0,00 0f) ) 11,00 () 1 0 () 1) ( ) 10, 0 )0100 0)l
00 0 0,00 0.00) 0 0.00 0.)00 0

00 0.,0(0 0.00 (1 0.00 0),00) 0
0) 0 0(10 0,00 0 0). (00 0,10 0
00 0 0 .00 0 00) 0 0.00 0100 0

'') 0 1, 1 0.00 1) 0.00 1
00 2 0, 00 0.00 0 0. 00 0.00 0
00 1 ,00, 0 1 3'.5 ,? 1 33 ) ,6*3 3

1 64 0 ,: 7 7 1 .0 18 01 30 60 16 1 0.31) t:ý 1 .3; ,3 7 2

00 25 1,41 0,34 17 1 .37 0 .3 1-5 17
10.1 1., 40 ( . 1•• 0 1, .3l:, 0, .39 1 0)
23 1,45 (1,44 ,5 , 45 0,461 1,5

0.319 111:5 6 , ; ,36 t, -5 . 9 0, 1 ' t 9

15 1 ,"'0 0,43 13 1.52 0,44 13
0) 16 I ,111 ) ,47 T31 1 ,75 0,41

01.78 k .3 1 83 1 .131 0.-3 5)c
9 ,9 .,51 6 '1,7; ."100 7 , fl. 0,40i 6 2,00 0.45 .50P 0l0 0.14 ,., :,14 3

00 2 ••.38 0.1f1 2 2.5 0. (10 2
0o I , .i 1 S 0 1 I
00 ,, 0,00' 38 0. A S 2

0$) 1 )0 00 0 0) t)
.00 0 0. 00 2 2.S15 0.00 1
00 1 0 0.10 W 1 2. 2 00 0. 00 '1
001 00 0.0) 1 0 2.00 0.00 1
00) 1 00 0.00 1 1,50 0. 00 .

,T I •
* 2 .



TABLE IV

ACCOMMODATION MEANS AND STANDARD DEVIATIONS BY AGE

RIGHT EYE (Diopters) LEFT EYE (Diopters)
AGE

MEAN S.D. N MEAN S.D. N

17.011 0. 00 000 0 0. 00 0100 (
'18 I) 0 iA . "'5 0 00) 0 1). 910 0 Of) i

9.. 21 0", 1 P 3 0 1 3
'1.9 00 12; .';. ( 5 1 .?T1
21.0 '10,36 1.39 11 10. 45 1,39 11
2?.2 1 1) :21)0 1, 4' ',' '10 49 1 44 '?
23,00 10.0 1 34 I'16 10.19 1 .39 6
:4. 4, 0 10 66 1 57 0) 101/71 1 42 '19
25 .0 9, 67 ' 170 18 9.62 I 86
26.00 9, 413 i 7'19 9,81 I 19
27. 0[0 9 14 1 .05 9.47 1.1,18 I) 8 90 '.4; 1. 9 •103 3 1
'?a.0)0 1 .47 1170 1 43
29 0( n 1,71 1.36 9 8. t37 1 17 9
30100 8 .. ;' 1, 2) '19 (3 , f37 .25 19
31.100 8,2( 1 73 20 8:32 '1 66 2(13.?. 1)O 7, 60,9 23 7103 I 16 :..
'T' ' •l t3 23' 7197 .t47 2132.00 7.40181'3/q3 .10 7 1'13 1,. '1, 7 .74 1 1 14
35.0 7 37 1. '1 1' 3 "4 1 10 14
: o 76, 94 0,1 F1.i 7 1 I 10
37001 '7. W.5 1.67 2 . 923 '6?

38 . 00 6 .1/ , 031: 1. 012,38. 00 6. ', ,jj 't 3.,: "'.' 4,'4 1 'i9 '

"39.00 . 67 1 13 21 15 15 1 18 1?4l 0,00;? 1 •;' 9''6 z 27 I Th •.h
41 -0 34 1,16 5?3 5 41 1 27 ?3
4:'. 00 4,94 1 99 ;21 4, 1,1 2 21
43 00 4 19 0 ,86 20 4.41 1 111 20
44.00 4.12 1A2. 6 18 4,22 1 .31 18
4 0 ,0 3 .,' 5 1 ,24 19 3, 76 1 .38 19

40.00 210 1~ I 031,46,01) 3,'• 4 '!,1 12't. 3 .(8 1 .6 1247.00 2,93 13 16 362 .3 . 32
48 00 ,3 '.10 0194 8 3 I04 0 .74
49 00 12 1J9 0.91 3 2? ":;1 0, 451) 1) 0 ,' 11) 0,21P ,•5 2. 11 d' 2 15
51 .00 4100 3,46 3 4.00 3 46 3
r. 2 )0 2 3ý4 1) 63 6 2.42 ).71

1? 15 0 61 5 2, 47 (1,
054 3, .' 2.41) ? 3.30 ' f -:14

"1 t 0.00 o)00 0 (. (0 0 0(0' 0
56.001 0.00 0.00 0 0.0 0. !()
57, 0 0 00 (1.00 0 6i 00 (P 0100 0

08 0) ) 01) .00 1) 000 0 00
59 aO0 010( ( (10 a 0 (' 00 0 0(10 0
60 01) 0 f f) 0 0. 00 0 ).00 l) 0
61 00 (1 O0 I) 00 00 (1.0 0 100 (A
"6? 0) 0 ) 0 0.00 0 0) 00 0 00 0

& :10

S-"e_



TABLE V

MEANS AND STANDARD DEVIATIONS OF FUSI

ESOPHORIA EXOPHORIA NEAR
AGE (Prism Diopters) (Prism Diopters)

MEAN S.D. N MEAN S.D. N MEAN

1,7,.o n 0.00, oOI0 no 0 0.00 0.00 0 0.00

't 0,000 , , ! 2 2 , 00 3', 00 WI 0., 03)

19.00 1 . 00 1,00 3 0o •0.•0 0
20.)00 " .50 1 .3 ,on 0" .,4 !8, 0I .
21 00 1.40 65 10 0. 0.t 2 10 06 ''',* 0 ,,'" , ') 9 , 1 ::

'J 00 o o 0,8, C , 1 18 0 20 o o 20 ,1 0
2m)3, 0, 1 , 8 ,0 0 ,,. 0 ,6 ,.'1 1 ,? At"".0 2 ( 0,7' 1 *3, ,'.

".16 00 0' 200~ 3 , 0 113 0 q
27.00 1. . I, 0 ,I 01,,l '3 20.09
2:.0 t)0,J) 1) 1 ? ,3 P0 "3"

,1 .- 9 1): C-3

,?9 00 10 1.1'910 0.40 02 0134
30.00 '1 0OC 1 r.,3 10 3315 H~' 1 '4
310 0.o:. I oiý "!i 1s 1,19 '019,63~
32.10 0 1.14 49 P3 1"?5 0) 13 1';

,3,-,3,'1 0,on 0.I '. 0 1 01 ,49 4S
34.00 84.)3 1 l", I; 0 .. I e-1 13 1 '

35•,.,O00l 0. 38 0,33 '1 ,,'' 0.43 .2•;' 1 3 3O .74

"13 , ")0 0 . 48 1 ': '.3,.00 0 CIS. 1 14 3, 0 . ,.,t ,:.' . ,9 0

3.78 6 )() 13,15 2! 4',,: 0, 18i .1 1, , v.? 81 1• 1.) ,5'''•

29, 03 07,00 1 , ?/ 70 3 01 0..., 194 22 8

39.00 .21.7 ")a 0.0 0. a00 2/. 20
40.00 . 31 0,16 0 7 ,3 1 3
41 .00 1.38 1 .44 26 0.1 311 1 '39 27 14 .60
423 ) I '.13 O1 . '31 112 0.19 0141/2 20. 07
43,00 0 .84 1 ,4 02 0 9. 0 7, '31 ? 0"0
44,.00 1 .97 1 4 3" 4,:,) 0 ,9 3, 28 9 3'?1 6
45.00 1 1. 41 0: ,4 5 (3 41 20. 89

47 )00 1 .1 14 I4 o0,13-.-1 0 1 ~ ....14
47,.00 3 33 1 .392 31 012 13) " 20 .17

18 0 1 01)9 2 0.401 21
49.00 1(, 96? 1.50 1 ' .40 2, 0,"1 00
F50,01) t 171 2.A49 14 0.46 031 .00
5,0,() Y, ,I1s ';' 0.17 0.41 6 0 0.0

02 00 1 .~711 0),49 7 0) 10 000 0) .2,33
t3.I.0 0 1 .03f.) 2. 20 0, 0.44 0190 83 16, 00
r-4 )1 .00 1,4.1 1 13.2! 1,'?0"
,.5,0 1.00 1.0 :1 00 "1 14,4 3 9,00

6 1 )0 0.50 0.71 2 0, 0.00 2 0.0 )
.57, 00 0 .00 000 1 o' 000 0)00 1 0 . 00

5. 0 0 ) , 0 1 [0, 0,00 '
11-59,3. 000 0.0 1 00 00 p

64 . :,, 00 3 0 .0000 0) ) ( 1 00 0. 00
"61.00 .00 1 0.00 0.0 0) 0 0 . 0(0
6.00 6.00 00 1 ,00 .00 .1 0,0

R6, ~ _ _7 -- 77) 1. 'son,2,o3:•t ,1( ] - , i2 .
•,8 .00I . , I. 2: .,-,0 ,,' . .

49,0 I,6;? . 5 21 , t9 t, 4 21;-> . t 0



TABLE V

k.ID STANDARD DEVIATIONS OF FUSION RELATED VARIABLES BY AGE

NEAR PRISM DIVERGENCE FAR PRISM DIVERGENCE PRISM
Diopters) (Prism Diopters) (Prism Diopters)

S.D. N MEAN S.D. N MEAN S.D. N MEAN

0.0 0 0 u, 00 0 1 00 0 0 1 00 0. 00 0 01 , 00
0) 10 2 ,.00 2 1? '1 6 ,0 1) 00 1 .I 0A

0100 
9 . 1'";

0 .5S 3 28, 00 0. )0 7-00 0.00 1 39 ',50
0.00 .4 13, 00 5,66 2 6,00 2. 1 83 1 6'7
0 , .32 10 16, 75 5',. 2 6 .00 :3,74 6 33 ,9 '

2,65 6 19, .12R 4. 09 :4 6 , 2.2." 9 15 "" 0 4
0 " 19 00 3.72 215 5.44 7.72 1 G2 77

o . 6 0 18 , 47 7, 73' 19 9 , (038 1 ) , 6 5 1 ,3 ,' 0
I , :1 6 '1t 1. 2 4 7,.3 17 6 . 23 ,. 05 13 '. .61

6, 20,44 , 13 6.11 1.69 9 9 '9
S'. SB 23 20.09 5 6.31 1.? . 12 ? 16 3 1 ,2,

0, 13 0 1 7"3 5 14 I-' 6.60 41 10 P3
0,14 10 1 ,A.7 3.71. 9 15,5 1 3 0 6 /,I 1

4), 20 21 $14 4,97 '9 ,3 09 1 1 '.'5" 1 ,1 9 , 0 1 9 , ,3 . 3 . 6 1 1 9 6 ,2 5 3 . 7 0 10 , 'f i: 2 ,
,0.63 2 .4 11 '.7 '1 51 .1 5.89 ' 19 180"' 60 "?15 . 91 9' 0 6'

8.31 24 19 8 ', 5. 4 618 6.1.1 ,3 ?.7 0 ,' .% 3
1 -%0 10 19 . 127 4.50 1 1 5 ,7 11 1. . 9 ; : !, '*

21.2? 73 1 73 6, 6 1';5 6. ' 2 . 75 ". 1 5 7 0
',26 18. 1 .9 . '13 5,09 1.7 ) I .70 16

0 .,3 2 15 19,100 3,90 14 6 , ',•3I3 3,64 73 2 7,4'
0 1 ''' 7?.4 ?2 ' 3 a 4 , 5 4 1:3 6 77 3 , I'i '1 53 2 1, 4 .
0. 00 27 20, I 0 27 '1? 6'10 3.73 10 2 0. 5 4
0 , '3 0.3 S51.27 13 5 83 '.3 34 12 ,7 ...
I 1'9 27 14.60 6.48 10 4 ,57 1113 7 28,860 , 47 ,. 20 07 5,03 1, 5. >3 1.03 11 25 1, a1
0 8 9 3 6 2 1 . 8 0 5 .7 1 1 , 6 ,17 , 12 - ", ,

0 '58 41 20.89 6.27 9 5 .? '1. ,39 p '3% 41'
i 5f) - PI 114 5, 1 8 7 6.0 0 1 .20 8 .31 ,1(it

,1 2 a- 00 1,67 6 . . 7,7
00 1 15 .00 'ýI .ý 1 ) -1 1.ýIO)1 .41 p" 2. .6 7

2 21 21 .00 7.02 4 6,(00 2.,16 4 30.44
0 1 88 13 0.1 06 0100 0 0100 (),00 0 151) i0 1
0.41 6 0,( 0.00 0 0 ,00 0 ,00 0 49o l 0 l' 2 31 ,1 5 "ý -3 6. , 6 7 ,,'? ' f 9 3):3 9 , 1 1.7: ,

0.90 8 1 6 , f. 0 0 [0 .061 3 , (V1 1 ,41 2) 39 1 07
0,77 ,2 IF , O0 0 1)1) 1 4 100 )1 00 11 60 0, 11

1.44 3 0. 00 0[, 00 0 o0 1O0 0 .00 0 60,0 0
0.00 ? 0. O) 0.00 0 0.) 0 01 00 0[ 5'3, 00
0 1.00 1 0 .00 0 .00 0 0 . 00 0 , 00 0 0.00
01.00 1 0 .00 0. 00 1)000 0,01l) 0 0.010

o0 1 0 1 op 0 0) 0 1) 9 , 0 1. oo o• , r• , o•o ,I o o, o ,.o. o on
0. 00 [1 , 1 0. 01 1 , 0 100, 1) 0.00 0 1) 35. 0 0 0
0. 00 (0 0.00 0 .006 0 1.010 0100 0 0.100

01 *1 0 .00 0.00 00 0 0 1) 00
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FAR PRISM DIVERGENCE PRISM CONVERGENCE
(Prism Diopters) (Millimeters)

ý:AN S.D. N MEAN S.D. N

*00 0.0 0 0 0 0 0 0 00 0
00 ~0. 00 -4 )1

,0 0 0 .i83-5 0-71.00 837 2' 21 6? 20 1200 376 33.91 17.
53) 15 29. 04 13 53

.4 B2 , 71:3*,. 3161) 0S ',3 5)~ 10 0 0( ?~
* 3 2. 5 13 3 2.461 19,01 18

.11 '1.69 y 29.7 '1 114, 28'9

.31 "?.I"?16 .- 2 3 C.-1" 9, 7

.60 2, 41 102)3 13.0 B1 '3U13
.101 .38 6 4 '3, 1 1 1," 47

*33 20 I~ 1 ~ :20
* ~ 3. 70Q 12 27 0 ~ 0 '37 '19

.89 12. 19 11B 31 C.16 14. 01521

.11 "3. 27 1 13 2 4 , 3 10. 0)122
,78 "? .111 9 28.0 133 1i ItII"22".
.82 2 753 11 2 ' 57 0 j ",,3.231

091.70 d, 26.7 1)' 1'i.16 ,"
:.38 3.644 1 27 .43 10.44113
.77 "3. 13 f*27. 47 15 .1 .19
.1o 3.73 10 280 .. 5 t
.83 1 .34 12 27.1 37 1,5.84

W 71.113- 7 28, 86 16. -I

.30 4.8 10 24,23 10 1 1572
L.17 '1 .71, 12 3 1.) '614.20

3 Y3 9 32')41 22642
.00 1 .20 a 34,.83 1)0.9?
.00 1 .67 6 28. 77 2 1.r* i7 1
00) 1 41 a.27. 67 '13.90
00 2.16 43)0.44 11 .4?- 9

00 0100 0 49 , 71i 13. 821 4
'67 I.?189 39, 17 P". ,
00 1 .41 2 119. 00 1 3 4.41
00) 0.00 .160.0 0.0 01
0 0 0 .00 01 60 00 0 (0 1
00 0,100 0 ,3 0 0 9,tQ0r
00 0 . 00 0 000 0. 910

00 0.00 0 09 00) 0 0 01
00.00 401 0.00 0.00

c )100 0),31," 0 ~ . 0 1) .00
'0 0 .00 0 0 00 0.00 0
00 0.00 0 0),00 0.00 0



TABLE VI

INTRAOCULAR TENSION MEANS AND STANDARD DEVIATIONS BY AGE
Millimeters of Mercury

RIGHT EYE LEFT EYE
AGE

MEAN S.D. N MEAN S.D. N

17.,00 0. 00 0100 0 00 0 00 0
Is, 00 0,00 0.00 0 0,00 0 00 0 ( 1
19,.00 0100 0, 10 0 0( ) 1 0 00 0
20,00 0 0 0,0 0 0, 00 0,0ll 0
2.00 0.00 0,00 1 00 0 1 00 0212., )0 0. )0 0,00 0 0 , 0 0.,00 0)

23,0 ) 0.00 (1,00 0 0.00 (1.00
25 1 0 0. 00 0100 0.0 0 0. 00 0

3100 2010)00 0 01.0) 0.100 1)
27.0, 0 010 0 0, 0 0 0, 0 01 0 0
29,0O0 0, O 0 (, 00 () 0, 0 0,100 0
130.00 1 15. 90 0.00 1 14, 60 0 00

32 )0 91t'Jl 411 20 , 21;,.,; 47 234. 100 10.10 0.00 1 10..,0 0,00 1"0.00 1 17.30 00 034, 00 20: ,1 0 0,00 1 10 0., 0,0 '
3 5 10 14,39 4, 4 8 I 42,84 3,06 5

37,00 1 .6 8 1 , 96 8 1 ̀ 5,60 2, 02 8
'A,40 1 10 1 14 1, 3/ 12
39 1.00 17,01 ,'? 16 17 1,0 5, 60 14
41), 00 1 "10 3 4 , 4 20 16 '1 R, .. 18
41 .00 16,43 .'? 88n 2 6 16.74 3.15 25
42, 00 '16, 0 4 0' 84 ..2 16 . 0 4 3 A,0 19
43, 0 17,72 '' 1.' 26 1/ 7,011 2', 35 2644, O0' ' .: 3, ()tt! :31 1•J "5 ,09 0
45, 0 16 ,'38 2, 84 36. 16,10 2.99 '3 3
46, 1) 0 6.0, 0 3 1 8 :30 16, "? 1 1,03 2' t?9
47. 00 11..)'. 07 1?.1 39 31 115 . 98- 2. V12 274 8•. , O 0 1 6• , 4 8i 4• , 9 0 ";) .1 1 .6 , 1 '5 ) , 8 4 F12. It. I
49,00 1 a3 , , '?, ,3 1? ,.3 1'15,•4 4 2 21
5 , ) !' . , 04 . 7 '1 13 15,0', 3.131 17
51,00 14 .?, 3 73 13 '13, 3,73 17
52, 00 16,v Z,;1 1) 16.94 1,32 10
53, 00 16.11 3, .'54 10 '15, 1 1;• 10 2 1 10
54, 00 16,811 41, .27 15 16, 06 2, 1-01 5
55,00 17.5 I 5 2.30 4 16.,73 1.15 4
56,0 o .I 6.15 J ,. ,3 2 16. 15 1.63 ,
I"-57, 00 14.00 41 4 . 04,0 1, 41 "
59 100 16, 0 0. 00 1 17, (10 0,00 1"'i 9, . 0 11 1"i 000 oo'15.0 o 100 '

8~ ~~ r.,.'l 1;- 0I 0t 0) 00' ,I ) ) )(
60.00 .120 0 $100 0 10 0.0$161, O0 0 0, 0 0• 00 111, 1O0 0, 1006,2., 0 13,o00 I
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